Pulse-labeled simian virus 40 (SV40) chromatin as well as uniformly labeled viral chromatin are immunoprecipitable by an SV40-specific tumor antiserum and therefore contain bound tumor antigen (T antigen). Single-stranded calf thymus DNA, immobilized on cellulose, competes effectively for T antigen binding with uniformly labeled nonreplicating, but not with pulse-labeled replicating, chromatin. Furthermore, T antigen dissociates in 0.5 M NaCl from nonreplicating chromatin and from purified SV40 DNA, whereas most T antigen remains associated with replicating chromatin even in the presence of 1.2 to 1.5 M NaCl. We used filtration through DNA-cellulose columns and treatment with high salt to prepare pulse-labeled immunoreactive viral chromatin. The viral DNA was digested before, and in other experiments after, immunoprecipitation with the restriction endonuclease HindIII. We found that SV40 DNA sequences, most probably representing the entire genome, remain in the immunoprecipitate after HindlIl digestion, indicating an association of T antigen with origin-distal sections of replicating viral DNA. The results suggest that T antigen in replicating chromatin may be bound to regions close to replicating points. We performed control experiments with in vitro-formed complexes of T antigen and SV40 DNA. When these complexes were immunoprecipitated and HindIII digested we found, in agreement with previous studies, that only the origin containing the HindIII C fragment carried bound T antigen.
Pulse-labeled simian virus 40 (SV40) chromatin as well as uniformly labeled viral chromatin are immunoprecipitable by an SV40-specific tumor antiserum and therefore contain bound tumor antigen (T antigen). Single-stranded calf thymus DNA, immobilized on cellulose, competes effectively for T antigen binding with uniformly labeled nonreplicating, but not with pulse-labeled replicating, chromatin. Furthermore, T antigen dissociates in 0.5 M NaCl from nonreplicating chromatin and from purified SV40 DNA, whereas most T antigen remains associated with replicating chromatin even in the presence of 1.2 to 1.5 M NaCl. We used filtration through DNA-cellulose columns and treatment with high salt to prepare pulse-labeled immunoreactive viral chromatin. The viral DNA was digested before, and in other experiments after, immunoprecipitation with the restriction endonuclease HindIII. We found that SV40 DNA sequences, most probably representing the entire genome, remain in the immunoprecipitate after HindlIl digestion, indicating an association of T antigen with origin-distal sections of replicating viral DNA. The results suggest that T antigen in replicating chromatin may be bound to regions close to replicating points. We performed control experiments with in vitro-formed complexes of T antigen and SV40 DNA. When these complexes were immunoprecipitated and HindIII digested we found, in agreement with previous studies, that only the origin containing the HindIII C fragment carried bound T antigen.
Gene A of simian virus 40 (SV40) codes for two proteins, the small and the large viral tumor antigens. Small tumor antigen (t antigen; Mr, approximately 17,000) affects the transformation of certain cell lines but is not required for the lytic infection cycle. Large tumor antigen (T antigen; Mr, approximately 90,000) appears to be a multifunctional protein that is essential for the expression and replication of the viral genome (31) as well as for the establishment and maintenance of cell transformation (for review, see reference 36) .
The molecular basis of the regulatory functions in lytically infected cells probably involves specific interactions of T antigen with sequences around the viral origin of replication. This conclusion is based on in vitro and in vivo studies. Isolated T antigen binds in vitro to tandem sites within a 120-base-pair (bp) sequence near the replication origin of the SV40 genome (19, 20, 23, 32, 34, 35) . Genetic studies have emphasized the importance of the specific interaction between T antigen and the genomic control region: cisdominant mutations in SV40 origin sequences reduce the rate of viral DNA replication, whereas second-site reversions map in a region of the SV40 genome which codes for sections of the T antigen that contain the DNA-binding sites (24, 25) . Most of the intracellular T antigen appears in a soluble form when nuclei from lytically infected cells are extracted by low-salt treatment. However, a small fraction was found by immunoprecipitation techniques in association with viral nucleoprotein (14, 20, 22) . Segawa et al. (22) showed that pulse-labeled nucleoprotein lost its immunoreactivity after chase periods for a time long enough to sufficiently allow the completion of the ongoing replication cycle. These findings suggest that T antigen binds to SV40 DNA before or during initiation of DNA replication and is later released at the time of completion of a replication round.
To learn more about the properties of T antigen, we investigated whether it is bound to the genomic control region or to other sections of the viral DNA in replicating structures.
We first performed experiments to compare the binding stability of T dithiothreitol, 0.5% Nonidet P-40). The cells were then gently vortexed and centrifuged to collect the nuclei. Viral nucleoproteins were eluted from the nuclear pellet in a low-ionic-strength buffer (without sucrose and with 0.2% Triton X-100 instead of Nonidet P-40) (28) . After several strokes with a loose-fitting Dounce homogenizer the nuclei were incubated on ice for 2 h and removed by centrifugation. Viral nucleoprotein was recovered from the supernatant and further purified by sucrose gradient centrifugation (11) .
The long-term-labeled viral nucleoprotein complexes sedimented at about 75S through sucrose gradients and contained about 80% supercoiled form I DNA and 20% relaxed form Il DNA. Pulse-labeled nucleoprotein sedimented at about 95S through sucrose gradients (11) and contained replicating DNA and 10 to 20% mature form I and form II DNA (Fig. 3) . The phenylmethylsulfonyl fluoride) was centrifuged in a Beckman SW40 rotor at 39,000 rpm and 4°C. Viral DNA was extracted from infected cells by the Hirt procedure (9) and further purified by banding in CsClethidium bromide gradients and phenol-chloroform extraction.
Immunoprecipitation of viral nucleoprotein. Hamster anti-T serum was prepared as previously reported (4). The control serum was from normal hamsters and showed no specificity against viral proteins.
Viral nucleoprotein from one 14-cm plate, in 0.5 to 1.0 ml of 80 mM NaCI-20 mM Tris-hydrochloride-1 mM EDTA (pH 7.8)-10 mM 3-mercaptoethanol, was incubated with 0.08 ml of antiserum for 5 h on ice. Formaldehyde-inactivated Staphylococcus aureus Cowan I (0.16 ml of a 10% solution) was then added (10) . After 60 min on ice, the Staphylococcus-antibody-antigen complex was pelleted and washed four times with NET buffer (0.05% Nonidet P-40, 150 mM NaCI, 50 mM Tris-hydrochloride, pH 7.5, 5 mM EDTA) (26) . In several experiments described below, the immunoprecipitates were washed twice with NET buffer and twice with 1.2 M NaCI in NET.
In all cases, control experiments were performed with control serum instead of antiserum.
Restriction of immunoprecipitated SV40 nucleoprotein. The washed, immunoprecipitated nucleoprotein was suspended in a buffer suitable for the restriction endonuclease HindIII (50 mM NaCI, 10 mM MgCl2, 14 mM dithiothreitol, 10 mM Tris-hydrochloride, pH 7.6) and pelleted again. The pellet was suspended in 0.5 ml of the HindIlI buffer and incubated for 12 to 16 h at room temperature with 50 U of HindlIl (Boehringer Mannheim Corp.).
After restriction, the immunoprecipitate was again washed three times with NET buffer. Viral DNA fragments remaining in the pellet were eluted at 45°C with 0.5% sodium dodecyl sulfate (SDS) in NET.
Many control experiments (see Fig. 4 ) demonstrate that HindlIl effectively restricts, under the conditions used, SV40 DNA in immunoprecipitates.
Both extracts from the immunoprecipitate and the combined wash supernatants were then separately incubated, each with 10 ,ug of proteinase K in the presence of 0.5% SDS for 1 h at 37°C. The DNA was extracted by phenol and collected by ethanol precipitation.
In other experiments, salt-treated (1.2 M NaCI) replicating nucleoprotein was first incubated with tumor serum and then centrifuged through a 1.2 M NaClsucrose gradient. The We found, however, that the Laemmli SDS-polyacrylamide electrophoresis procedure gave an excellent resolution of HindIll restriction fragments. These gels were composed of 5% polyacrylamide and were run under the conditions described by Laemmli (12) except that the spacer gel contained 1% agarose instead of polyacrylamide. After electrophoresis, the gels were processed for fluorography as described by Bonner and Laskey (3) .
Agarose gels (1% in 40 mM Tris-acetate, 5 mM NaCl, 1 mM EDTA, pH 7.8) were used to investigate unrestricted SV40 DNA. For the separation of alkali-denatured DNA we used a 2% agarose gel containing 0.03 M NaOH, 2 mM EDTA, and 0.5 mM ethylene glycol-bis(,B-aminoethyl ether)-N,N-tetraacetic acid (29) .
The agarose gels were cut into 2-mm slices which were dissolved in 0.1 M HCI and counted in Aquasol-2 (New England Nuclear Corp.) as described (11 Preparation of a T antigen-containing nuclear extract. T antigen was extracted from nuclei of unlabeled SV40-infected cells. The nuclei were prepared 40 h after infection from cells of one 140-mm culture dish. They were incubated for 1.5 h on ice in 0.5 ml of 10 mM Tris-hydrochloride buffer, pH 7.5, containing 0.1 mM EDTA, 0.1 mM phenylmethylsulfonyl fluoride, 1 mM dithiothreitol, and 50 U of kallikrein. The nuclei were then removed by centrifugation. The supernatant was mixed with 0.5 ml of 10 mM sodium phosphate buffer, pH 7.0-4 mM dithiothreitol-0.02% (wt/vol) bovine serum albumin-0.2 mM EDTA-0.1% (vol/vol) dimethyl sulfoxide (15) .
RESULTS
Binding of T antigen to pulse-labeled viral nucleoprotein. In agreement with the work of Reiser et al. (20) and Segawa et al. (22) , we found that a large fraction (in different experiments between 40 and 60%) of pulse-labeled replicating 95S SV40 chromatin, but only a comparatively small fraction (6 to 11%) of radioactively labeled mature 75S SV40 chromatin, was precipitable by anti-T serum.
To detect possible differences between binding affinities of T antigen to replicating or to mature viral chromatin, we passed pulse-labeled and, in a different experiment, long-term-labeled nucleoprotein through single-stranded DNA-cellulose columns and found ( cpm total) was used directly for immunoprecipitation. Another part was adjusted to 80 mM NaCl and passed through a DNA-cellulose column before immunoprecipitation. The precipitates were washed with NET buffer, extracted in 0.5% SDS, and counted. The data given here are the result of a single experiment. They show the immunoprecipitable fraction of total radioactivity in the corresponding nucleoprotein fraction. In other experiments, between 40 and 60% of pulselabeled and between 6 and 11% of long-term-labeled viral chromatin could be immunoprecipitated before column chromatography. Between 25 and 35% of pulse-labeled chromatin remained immunoprecipitable after one passage through a DNA column. The corresponding fraction of column-treated long-term-labeled chromatin was always less than 1.0%.
fraction of immunoprecipitable pulse-labeled chromatin was reduced from an average of 45% to 25 to 35%. The fraction of immunoprecipitable long-term-labeled chromatin, however, was always less than 1% after one passage through the DNA column.
T antigen has a high affinity to single-stranded DNA (27) . In fact, our control experiments had shown that more than 90% of the soluble T antigen, detectable by immunoprecipitation in an extract from 107 to 108 lytically infected cells, was retained by the DNA-cellulose column (data not shown). We therefore conclude from the data of Table 1 that the immobilized calf thymus DNA competes effectively for T antigen binding with mature viral chromatin but competes rather poorly for T antigen binding with replicating SV40 chromatin.
Since we used the DNA filtration step in most of the experiments reported below, we add an additional comment. Allan et al. (2) have shown that repeated passages of nucleoprotein in 0.08 M NaCl through single-stranded DNA-cellulose columns result in a loss of histone Hi but do not change the nucleosomal spacing in chromatin. We found that after a single passage the sedimentation properties of uniformly labeled SV40 nucleoprotein had not significantly changed, whereas after 16 h of recycling, the sedimentation rate was reduced from 75S to 50S (data not shown) as expected for a viral nucleoprotein complex free of histone Hi (16) . From these considerations it appears unlikely that a single passage through DNA-cellulose would affect the location of T antigen bound to replicating chromatin.
An unexpectedly strong binding of T antigen to replicating nucleoprotein was also detected by a different technique. Long-term-labeled and pulse-labeled SV40 nucleoproteins were sedimented through sucrose gradients containing different NaCl concentrations. At 0.5 M NaCl, when most histone Hi and many nonhistone proteins dissociate, we found (as expected; see reference 16) a reduction of sedimentation rates from 75S to 50S and from 95S to 60S for longterm-labeled and pulse-labeled nucleoprotein, respectively. After centrifugation, long-term-labeled SV40 DNA could no longer be immunoprecipitated, suggesting that bound T antigen dissociates in 0.5 M NaCl. However, the fraction of replicating nucleoprotein precipitable by antiserum was reduced from 45% to only about 30% (Fig. 1) . Replicating nucleoprotein was also centrifuged through sucrose gradients containing 1.0 to 1.5 M NaCl. Under these conditions, most of the pulse-labeled material sedimented with approximately 25S (the sedimentation rate of protein-free replicating SV40 DNA) (13) . However, we still found a relatively large fraction of immunoprecipitable replicating DNA (Fig. 1) , suggesting that T antigen is more stably bound to replicating viral DNA than histones and most other nonhistone chromatin proteins.
To directly demonstrate the presence of T antigen on salt-washed nucleoprotein, we extracted viral chromatin from [35S]methionine and [3H]thymidine pulse-labeled SV40-infected cells. The nucleoprotein was treated with 1.2 M NaCl and centrifuged through a sucrose gradient containing 1.2 M NaCl. Most of the 3H pulselabeled viral DNA sedimented with about 25S (Fig. 2) Fig. 2 Fig. 2 ) and slower-migrating broad bands. The 90,000-molecular-weight band is most likely the viral T antigen. The nature of the slower-moving proteins is unknown. We also show in Fig. 2 (lane 2) an immunoprecipitate of a crude protein extract from the same experiment. We found three specifically precipitated protein bands in a molecular weight range of 80,000 to 90,000. The faint upper band migrated like the DNA-associated T antigen. The more prominent faster-moving bands are probably proteolytic cleavage products of T antigen, which was kept in the crude extract at 0 to 4°C for several hours until the centrifugation run was completed and the fractions analyzed for radioactivity.
We also found that the electrophoretic mobility of the T antigen band was the same regardless of whether or not the immunoprecipitated complexes were treated with pancreatic RNase and DNase before resuspension in SDS (data not First, we present an experiment with uniformly labeled mature viral chromatin. It can be seen (Fig. 3A and B ) that in nonreplicating chromatin the ratio of form I to form II viral DNA (80% versus 20%) remained constant regardless of whether long-term-labeled DNA was used directly for electrophoresis (Fig. 3A) or after im-8 munoprecipitation (Fig. 3B ) of nucleoprotein.
This control experiment shows that the immunoplicating precipitation procedure does not cause artifaclls were tual nicking or degradation of DNA. tte) for 1 In Fig. 3C ecipitated 90,000-molecular-weight protein, most probably representing undegraded SV40 T antigen, and to some faster moving proteolytic cleavage products. In the precipitates of samples (a) and (b) we find a high concentration of proteins in the 30,000-to 50,000-molecular-weight range. These proteins, present in the tumor and in the control serum precipitates, probably bind to the Staphylococcus species. Their nature has not been identified. (D) and (E) were suspended in 0.5% SDS, incubated with proteinase K, and phenol treated to obtain the DNA. The ethanol-precipitated DNA was electrophoresed exactly as described above for (A) and (B). Approximately equal amounts of radioactive material were used for the gel tracks in (C), (D), and (E).
served as a control and was incubated with normal hamster serum, followed by Staphylococcus precipitation. The immunopellets were washed first with NET buffer and then with HindIII digestion buffer and finally incubated in the presence of HindIII. We expected to find that the T antigen-carrying DNA fragments remained in the precipitate after restriction, whereas other fragments appeared in the supernatant. According to this expectation, we found in the HindlIl-treated immunoprecipitate the origin-containing HindIll C fragment (Fig. 4,  lane 2) , whereas the other fragments appeared in the supernatant (Fig. 4, lane 1) . No DNA could be detected in the immunopellet when normal serum was used instead of tumor antiserum (not shown).
The experiment was repeated with viral replicative intermediate DNA prepared from pulselabeled infected cells by sucrose gradient sedimentation, protease treatment, and phenolchloroform extraction. (This deproteinized DNA preparation was not immunoprecipitable by antiserum.) The protein-free pulse-labeled DNA was then incubated with a T antigencontaining cell extract (15) . The resulting protein-DNA complexes were then immunoprecipitated and treated with HindlIl as above. The electrophoretic and fluorographic analysis showed that T antigen binds in vitro to the origin-containing DNA fragment of protein-free replicating DNA (Fig. 4, lane 3) , suggesting that the binding sites for T antigen in the origin region are probably not modified during replication. This experiment also showed that the single-stranded regions in replicating DNA do not cause an artifactual binding of T antigen to origin-distal DNA regions. We detected in the supernatant of the restricted immunoprecipitate radioactively labeled HindIII fragments B, D, E, and F, but not a labeled terminal HindIII A fragment. This result indicates that we select by our pulse-labeling procedure for late intermediates in SV40 DNA replication (see Fig. 3 ).
In addition, the experiment of Fig. 4 shows that DNA fragments are not unspecifically trapped in the S. aureus pellet.
We conclude from the experiment of Fig. 4 that soluble T antigen binds, under our experimental conditions, specifically to the origin region of the SV40 genome and, furthermore, that immunoprecipitated DNA is effectively restricted by HindIlI under our experimental conditions. In other in vitro binding experiments (not shown), the immunoprecipitate of a T antigen-DNA complex was treated with 0.5 M NaCl before HindIII restriction. In this case, we were unable to recover any DNA fragments from the immunoprecipitate, suggesting that in vitro bound T antigen dissociates from SV40 DNA in 0.5 M NaCl (see reference 21). Furthermore, in vitro-formed T antigen-DNA complexes dissociate after one passage through a DNA-cellulose column. Under the same conditions, T antigen remains stably associated with pulse-labeled viral nucleoprotein prepared from nuclei of infected cells (Table 1) .
Binding sites of T antigen in replicating SV40 nucleoprotein. Pulse-labeled replicating SV40 chromatin was first passed through a DNAcellulose column. The nucleoprotein was incubated with antiserum and then treated with 1.2 M NaCl. After centrifugation through a 1.2 M NaCI-sucrose gradient and dialysis against HindIII buffer, the DNA was digested with Hindlll. After restriction, the DNA fragments containing T antigen-antibody complexes were precipitated with S. aureus. Approximately equal amounts of radioactivity, taken from the immunopellets and the corresponding supernatant, were investigated by gel electrophoresis.
The fluorogram of this gel (Fig. 5) shows the following. (i) Before immunoprecipitation (lane 1, Fig. 5 ), we found prominent bands corresponding to the HindIll fragments B to E and a comparatively weak HindIII A fragment. In addition to some barely visible background smear, we also found a large amount of 3H radioactive material at the border between the 1% agarose stacking gel and the polyacrylamide gel. An analysis of this material by alkaline gel electrophoresis revealed the presence of intact HindIII-A parental strands and nascent, i.e., pulse-labeled and small heterodisperse, complementary strands (unpublished observations; see below and Fig. 7 and 8) , suggesting that this slow-moving DNA is largely composed of replication forks in a viral DNA section within the HindIII A fragment (30) . (ii) In the immunoprecipitate (lane 2, Fig. 5 ), we found again the slowtraveling radioactive material at the top of the polyacrylamide gel and a large spectrum of heterogeneous DNA fragments as a radioactive smear in addition to a distinct HindIII C fragment. (iii) In the supernatant of the immunoprecipitate (lane 3, Fig. 5 ), we detected prominent HindIII B to E fragments but considerably less background smear and less slow-moving DNA. We also show in Fig. 5 a control experiment with normal serum to demonstrate that very little, if any, radioactivity could be detected in the precipitate of control serum (lane 5, Fig. 5) .
For a more quantitative evaluation of the data of Fig. 5 , the gel was cut into 3-mm slices. The slices were dissolved and counted (Fig. 6) . The heterogeneous distribution of radioactively labeled DNA fragments in the immunoprecipitate was clearly visible (panel A in Fig. 6 ). The Hindlll C fragment which appears as a prominent band in the fluorogram (Fig. 5, lane 2) amounts to only about 4,000 cpm from approximately 80,000 recovered 3H cpm. Thus, the majority of immunoprecipitable pulse-labeled nucleoprotein appears as a heterogeneously distributed spectrum of HindIII fragments, including the large peak of material that traveled through the 1% agarose stacking gel but remained close to the start of the polyacrylamide gel. Much less of this slow material and much less heterogeneity were detected in the supernatant of the immunoprecipitate (panel C, Fig. 6 ). In fact, we preferentially recovered in the supernatant the same quantities offull-sized HindIII B to E fragments that we saw in the restricted pulse-labeled DNA before immunoprecipitation (compare panels B and C, Fig. 6 ; see also Fig.  4) . A gel containing the precipitate with control serum was also cut into slices. Very little, if any, radioactively labeled material was detected (not shown).
We would like to emphasize that the experiment of Fig. 5 has been repeated several times. In some cases, the Hindlll digestion was per- The experiments show that the salt-resistant fraction of T antigen on replicating SV40 chromatin is mainly associated with a heterogeneous, slow-moving spectrum of HindIII digestion products. Only about 5% of the recovered radioactivity corresponds to the Hindlll C origin-containing fragment.
As an explanation for this result, we propose that most salt-resistant T antigen on replicating nucleoprotein is associated with replicating sections of the viral DNA.
Studies with alkali-denatured DNA. If T antigen were indeed located on newly synthesized sections of DNA, we would expect to find nicks and gaps in the immunoprecipitated nascent DNA strands, whereas the complementary parental strands should be intact.
The presence of interruptions in T antigencarrying pulse-labeled strands was shown by alkaline agarose electrophoresis of immunoprecipitated HindIII-digested DNA (Fig. 7) . We found (Fig. 7B ) a continuous spectrum of heterogeneous radioactive DNA pieces ranging from the length of a full-size HindlIl B or C fragment to less than 200 base pairs. We also note that the terminal HindIII A fragment is present in these gels only in very small amounts (compare Fig. 7a with b) as expected for pulse-labeled replicating SV40 DNA (see Fig. 5 ) (30) . Some radioactive material travels faster in this gel (Fig. 7b) than the HindlIl F fragment (215 nucleotides) and may contain Okazaki fragments. However, a distinct peak of Okazaki fragments is not expected in SV40 DNA molecules pulse-labeled for as long as 7 min (11).
The fragments released from the immunoprecipitate by HindIII digestion show less heterogeneity (Fig. 7C) . These fragments, which are not associated with T antigen, possess, therefore, fewer strand interruptions and probably originate from fully replicated parts of the DNA molecule.
We have repeated the experiment of Fig. 7 with replicating SV40 nucleoprotein presumably labeled in the parental rather than the nascent DNA strands. For this purpose, SV40 nucleoprotein was labeled in vivo for 1 h with [3H]thymidine followed by a 1-h chase with an excess of nonradioactive thymidine. We selected for T antigen-associated replicating nucleoprotein by DNA-cellulose filtration (Fig. 3) . The T antigencontaining nucleoprotein was then immunoprecipitated, washed several times with 1.2 M NaCl, and digested with Hindlll as described above. The radioactivity remaining in the washed immunoprecipitate corresponded to less than 2% of the total label used in this experiment. We assumed that this fraction of labeled nucleoprotein contained DNA molecules which were re-engaged in DNA replication (8) and expected to obtain by this procedure replicating SV40 chromatin in which the parental rather than the growing DNA strands were labeled. The fragments remaining in the immunoprecipitate after HindlIl digestion as well as those released during the HindIII treatment were alkali denatured and electrophoresed. We found (Fig. 8) Alkaline agarose gel electrophoresis of DNA fragments from pulse-labeled SV40 chromatin after immunoprecipitation and HindlIl digestion. The experiment was performed with pulse-labeled nucleoprotein, processed, immunoprecipitated, and HindIIIrestricted as described in the text. The HindIll fragments were denatured in 0.3 M NaOH and electrophoresed in a 2% alkaline agarose system. After electrophoresis, the gel tracks were cut into 2-mm slices which were dissolved in 0.1 M HCI and counted. Fig. 7 and 8) .
Neutral gel electrophoresis of SV40 DNA, labeled, immunoprecipitated, and restricted as in Fig. 8 , showed slowly migrating material but very little HindIII A fragment (see Fig, 5 and 6 ). After alkaline denaturation and alkaline electrophoresis, however, a full-size denatured HindIII A fragment became detectable, supporting the conclusion that the labeled material on top of the polyacrylamide gels in Fig. 5 and 6 contains replicating sections within the HindIII A fragment of the viral genome.
The experiment of Fig. 8 also excludes an artifactual nicking of the immunoprecipitated DNA as a possible reason for the strand heterogeneity shown in Fig. 7B .
DISCUSSION
Our experiments demonstrate, in agreement with previous work of Segawa et al. (22) and Reiser et al. (20) , that a substantial fraction of pulse-labeled viral nucleoprotein reacts with antiserum against SV40 T antigen, suggesting a close association of T antigen with replicating SV40 DNA. This binding of T antigen to replicating DNA is resistant to 0.5% Sarkosyl (20) or to 1.2 to 1.5 M NaCl (Fig. 1) and survives extraction of pulse-labeled nucleoprotein at pH 9 (not shown). This stable interaction of T antigen with replicating chromatin was unexpected, since earlier work has shown that T antigen dissociates from DNA at NaCl concentrations between 0.3 and 1.0 M. This was found for T antigen bound to double-or single-stranded calf thymus DNA (27) as well as for T antigen bound to the origin sequences in SV40 DNA (17, 21) .
To further exclude nonspecific associations of T antigen with replicating viral DNA, we routinely filtered our preparations of pulse-labeled SV40 chromatin through single-stranded DNAcellulose columns, a treatment which effectively removes T antigen from nonreplicating viral chromatin and from mature SV40 DNA. However, a large fraction of pulse-labeled SV40 chromatin remained immunoreactive after DNA-cellulose column filtration and therefore contained bound T antigen (Table 1) .
These observations suggest that the salt-resistant tight binding of T antigen to replicating SV40 DNA most likely does not arise artifactually during the preparation procedure by binding, for example, of free T antigen to singlestranded regions in replicating DNA. We propose instead that the observed salt-resistant binding may indicate a specific interaction that T antigen undergoes in vivo with replicating SV40 chromatin.
As yet we have no information concerning the nature of this unusually tight interaction of T antigen with replicating DNA. We cannot exclude the possibility that T antigen is not directly bound to replicating DNA but indirectly via an unidentified salt-resistant cellular protein. 
